Angiosperm fruits typically consist of pericarp and seed, which collectively function to maximize plant reproductive success. Within-fruit reproductive allocation has been scarcely examined across a wide range of fruit types and taxa although it is critical to the understanding of the evolution of fruit size and seed size. We investigated seed size, fruit size, seed number per fruit (SNF), and within-fruit biomass allocation between seed mass and pericarp mass for 62 dicot woody species (27 deciduous and 35 evergreen species) of a subtropical evergreen forest in southwest China. At the fruit level, total pericarp mass (TPM) isometrically scaled with increasing total seed mass (TSM) in the evergreen species and in the pooled data set, while TPM increased faster than TSM in the deciduous species. The slope difference is possibly due to the difference in the timing of fruit development between the two species groups. At the seed level, seed package (pericarp mass per seed) isometrically scaled with increasing seed size in the deciduous group, but less than isometrically in the evergreens and in the pooled data set. SNF was negatively correlated with seed size but positively correlated with the proportion of pericarp within fruits. In conclusion, within-fruit biomass allocation is signifi cantly affected by seed size, fruit size, and SNF in both deciduous and evergreen species. The implications of the observed scaling relationships are discussed in relation to seed size evolution and global patterns of seed size variation.
Identifying reproductive allocation patterns is one of the major tasks in population biology of plants ( Harper, 1977 ) . Many studies have focused on total reproductive effort at the whole plant level (e.g., Aarssen and Jordan, 2001 ; Moles et al., 2004a ) , but few studies have quantifi ed reproductive allocation at both the fruit and seed levels (see Obeso, 2004 ; Lord and Westoby, 2006 ; Mart í nez et al., 2007 ) . Angiosperm seeds, developed from ovules, are usually packaged by the tissue called pericarp, forming fruits that are developed from ovaries. Seeds are responsible for plant population regeneration in the form of seedling emergence and establishment, while the pericarp provides seed protection and aids in dispersal ( Primack, 1987 ; Leishman et al., 2001 ). The pericarp not only occupies a signifi cant proportion of fruit biomass (e.g., Willson et al., 1990 ) , but also determines the immediate physical and chemical environment of seeds ( Primack, 1987 ) and ultimately the fate of seeds (e.g., Lambert, 2002 ; Russo, 2005 ) . Determining within-fruit reproductive allocation is therefore of importance to the understanding of seed size evolution and plant life history strategies.
At the fruit level, the allocation pattern of total seed mass vs. total pericarp mass is determined by subtracting the total seed mass from the total fruit mass. Fruit size has been frequently suggested to be related to within-fruit biomass allocation between seeds and pericarp (e.g., Herrera, 1987 ; Willson et al., 1990 ; Lee et al., 1991 ; Mehlman, 1993 ; Celis-Diez et al., 2004 ; Mart í nez et al., 2007 ) . Fruits can serve as diaspores, particularly in species with fl eshy or indehiscence fruits, which can be transported for a long distance with seeds embedded in them. For these animal-dispersed fruits, plants have to invest disproportionally larger mass in pericarp to reward the seed dispersers in the species with large fruits than with small fruits (e.g., Edwards, 2005 ; Edwards et al., 2006 ) . This prediction has been supported by several studies focusing on species with animaldispersed fruits ( Herrera, 1987 ; Mehlman, 1993 ; Celis-Diez et al., 2004 ; Mart í nez et al., 2007 ) , in which pericarp mass increased faster than the increase in seed size. Nevertheless, small fruits would have a greater proportion of pericarp mass because they have a larger ratio of surface area to volume than large ones if the pericarp thickness is the same for large and small fruits. Moreover, sometimes seeds per se may be attractive to animal predators, in addition to the pericarp. Possibly because of these confounding factors, some studies failed to fi nd an allometric relationship between pericarp and seed masses ( Willson et al., 1990 ; Lee et al., 1991 ) . A generalization can hardly be made without further empirical evidence.
At the seed level, many plant biologists are recently interested in examining the scaling relationship between seed package (SP; pericarp mass per seed, as defi ned in this study) and individual seed mass (ISM; Obeso, 2004 ; Lord and Westoby, 2006 ; Mart í nez et al., 2007 ) . The allometry is vital to the understanding of seed size vs. number trade-off in theories of life history strategies and of seed size variation along environmental gradients at large scales. For example, a reduction in seed size can be considered to be certainly associated with an increase in seed number only when the seed package increases proportionally with that of seed size ( Lord and Westoby, 2006 ) . The studies examining the evolutionary history of seed size and variety of species present in this system, the sampled species ( Table 1 ) included a wide range of plant sizes. However, species in which less than three fruiting individuals were found were not included in the data analyses. The total number of analyzed species was 62, belonging to 54 genera of 35 families, in which 35 species were evergreen and 27 species were deciduous ( Table 1 ) . The sampled species encompassed a broad taxonomic range in an effort to avoid any single clade from biasing our study results.
For each species, three to eight individuals with mature fruits were randomly selected; at least three fruits were sampled from the fruiting shoots located near the outer canopy. Only viable seeds embedded in a fruit were counted, and the aborted seeds were counted as pericarp ( Henry and Westoby, 2001 ; Lord and Westoby, 2006 ) . For each fruit, we examined seed number per fruit (SNF), individual fruit mass (IFM), total pericarp mass (TPM), and total seed mass (TSM). Individual seed mass (ISM) was calculated as TSM divided by SNF. The fruit stones of drupes were classifi ed as seeds as suggested by Lee et al. (1991) , because the seed of a drupe is usually conserved and dispersed within the stone, making this unit more characteristic of a seed despite its anatomical difference.
We defi ned pericarp as the tissue of a fruit that enclosed seeds and seeds as the structure consisting of embryo, endosperm, and seed coats. We defi ned seed package as the pericarp associated with a single seed, which was calculated as TPM divided by SNF. Besides the allometry of TPM with TSM, the percentage of pericarp mass within the fruit mass (PFR; the ratio of TPM to IFM) was used to characterize within-fruit biomass allocation pattern.
In addition, when we sampled the fruits, we recorded the fruiting phenology for each species. For each species, we tagged at least nine fruits and recorded the timing of initial fruiting and fruit maturation. The observation frequency was about once a week. We also collected data on the fruit developing time of 185 other woody species from Xiong et al. (2005) .
Data analysis -We conducted a hierarchical ANOVA for the measured variables. Variance between species was found to be consistently the largest component, and variance between individuals was always greater than that between fruits on the same individual ( Table 2 ) . Then, data on the study traits were averaged within fruits and then within individuals and subsequently for each species ( Table 1 ) . Mean trait values were log 10 -transformed to obtain a normal distribution before all the measured traits were analyzed, To assess the integrated effects of life form, SNF, ISM, and TPM on PFR, we conducted general linear model (GLM) analyses for the pooled data set including both the evergreen and deciduous species, and for single-seeded species and multiseeded species, respectively. We determined the percentage of sum of squares explained by each independent variable and their interactions.
The scaling relationships between ISM and SP and between TPM and TSM were analyzed using type II regression protocols (i.e., reduced major axes, RMA, regression; see Warton et al., 2006 ) because allometric slopes were of particular interest. The slopes were calculated as standardized major axes (SMA) . The confi dence intervals for individual regression slopes were calculated as described by Pitman (1939) . We followed the methods of Warton and Weber (2002) to test the heterogeneity of regression slopes and calculate the common slopes when homogeneity of the slopes was demonstrated. Scaling equation parameters were determined using (S)MATR . To test whether SNF has a signifi cant effect on the scaling slope of the relationship, we determined the SMA for both single-seeded and multiseeded species groups separately. COMPARE ( Martins, 2004 ) were employed to conduct phylogenetic comparative analyses (PCA). The calculation method for the PCA followed Martins (2004) . The phylogenetic tree was constructed with the program Phylomatic ( Webb et al., 2008 ) . In this way, we could determine whether the correlation between different functional traits varied with evolutionary divergence.
In addition, to detect differences in fruit traits (e.g., fruit developing time) between the two species groups (deciduous vs. evergreens), we performed student t tests for independent variables. A Wald -Wolfowitz runs test was used to examine whether the frequency distribution of the timing of fruiting was different between the deciduous and the evergreen species. Interspecifi c relationships between trait pairs were analyzed with regressive techniques in the PCA. These analyses were carried out using STATISTICA software ( StatSoft, 2000 ) .
RESULTS
The allometry between seed package and seed size -Seed size varied most among species, and it ranged from 0.063 mg of global patterns of seed size (e.g., Moles et al., 2004b Moles et al., , 2005 Moles et al., , 2007 usually have not distinguished between seed size and diaspore (dispersal unit) size in their large data sets on seed size. These historical and global patterns hold valid only when seed package increases isometrically with increasing seed size. For example, if large diaspores are associated with a disproportionally greater fraction of pericarp than small ones are, then diaspore size may not be positively correlated with seed size. However, the allometry of the seed package with seed size has scarcely been examined across species.
The form of the scaling relationship between pericarp and seed at the two levels may be largely shaped by seed number per fruit (SNF). If SNF is constant among species or varies proportionally with seed size across species, then the two relationships should be consistent with each other. However, at a given size, fruits with many small seeds have relatively more space to be fi lled with pericarp; therefore, they would have a greater proportion of pericarp compared with fruits with few large seeds. Likewise, at a given seed allocation, large seeds should be negatively associated with SNF. Examining the effect of SNF on within-fruit allocation is helpful in understanding the evolutionary ecology of SNF and the difference in the allometry of the two relationships.
We investigated fruit size, seed size, SNF, and within-fruit biomass allocation (i.e., total seed mass vs. total pericarp mass at the fruit level and individual seed mass vs. seed package at the seed level) for 62 subtropical, dicot, woody species (27 deciduous and 35 evergreen species) in southwest China, for which a twig size effect on seed size has been reported for 55 species ( Chen et al., 2009 ). All of the " size " variables were measured in terms of dry mass as in previous studies ( Moles et al., 2004a ( Moles et al., , b , 2005 . The primary objectives of this study were to determine the allometric relationship between pericarp mass and seed mass at the fruit and seed levels and to examine the effect of SNF on within-fruit reproductive allocation. As noted, we predict that pericarp mass positively and allometrically scales with seed mass in the two species groups and that the species with low SNF have a lower proportion of pericarp than their counterparts. Because across-species patterns might arise due to phylogenetic relationships ( Martins, 2004 ) , we also conducted phylogenetically independent comparative analyses to test whether the relationships between the traits were ecologically important or evolutionarily constrained.
MATERIALS AND METHODS
Study site -This study was conducted in a subtropical, evergreen, broadleaved forest in Jinyunshan National Natural Reserve (N29 ° 50 ' , E106 ° 24 ' ), southwest China. The altitude of Jinyunshan Mountain ranges between 180 m and 951 m above sea level. The climate is a typical midsubtropical, warm, moist monsoon type, characterized by a hot, rainy summer from July to August and a warm, dry winter from December to February. The mean annual precipitation is about 1100 mm, mostly occurring in summer from June to August. The mean annual temperature is about 17 ° C, with the hottest being 28.6 ° C in July and the coldest being 7.5 ° C in January. The annual effective accumulated temperature ( > 10 ° C) is about 6000 ° C. The maximum annual frost-free period is 334 d. The mean annual relative humidity is about 85%. Annual sunshine time is about 1160 h ( Zhong, 1988 ; Xiong et al., 2005 ) .
The evergreen, broadleaved forest has a clear vertical structure, and it can generally be classifi ed into tree layer, shrub layer, herb layer, and interlayers. The community structure and species composition are described in Chen et al. (2009) . single-seeded species, ISM and TPM explained 84.8% of the variation in PFR in total, and their explanatory powers were comparable ( Table 4 ) . TPM increased with increasing TSM in both the evergreen and deciduous species groups. The slope of the scaling relationship was signifi cantly steeper in the deciduous than in the evergreens ( Fig. 1B ) . The scaling slope of the relationship between TPM and TSM was signifi cantly larger than 1.0 in the deciduous species ( r 2 = 0.675, slope = 1.274, 95% CI = [1.012, 1.608], P < 0.001). Nevertheless, the scaling relationship was isometric in the evergreens ( r 2 = 0.721, slope = 0.930, 95% CI = [0.772, 1.119], P < 0.001) and in the pooled data set ( r 2 = 0.746, slope = 1.005, 95% CI = [0.883, 1.143], P < 0.001). Likewise, the scaling slopes for correlated evolutionary divergences were 1.445 (95% CI = [1.126, 1.854], P < 0.001) and 0.910 (95% CI = [0.745, 1.112]) for the deciduous and evergreen species, respectively, which were very close to those of the cross-species relationships.
Individual fruit mass (IFM) was positively correlated with both TSM and TPM, and it could explain more than 85% variation in each ( r 2 = 0.868, P < 0.001 and r 2 = 0.939, p < 0.001, Melastoma normale (a pioneer species) to 2013.00 mg of Elaeocarpus duclouxii (a dominant tree species), covering over four orders of magnitude. The average seed size was 101.366 mg. The frequency distribution of seed size was right-skewed. More than half of the species (53%) had seed sizes < 25 mg, while few species (11%) had seeds exceeding 100 mg. Seed package was 70.504 mg on average. The packaging ranged from 0.065 mg of Dichroa febrifuga (a shrub species with small multiseeded fruits) to 1124.897 mg of Vernicia fordii (a shade-intolerant species), covering over four orders of magnitude.
Seed package was positively correlated with seed size in both the deciduous and evergreen species groups ( Fig. 1A ) . for the deciduous and evergreen species, respectively, which were very close to those of the cross-species relationships.
The allometry between TPM and TSM -The pericarp mass to fruit mass ratio (PFR) was smallest in Nothapodytes pittosporoides (0.152, an evergreen, dominant shrub species), and the largest value was in Liquidambar formosana (0.977, a large deciduous tree species). The mean PFR was 0.466. Most species (45%) were between 0.2 and 0.4 in PFR.
The GLM analyses revealed that TPM, ISM, and SNF could explain much of the variation in PFR (the model fi t statistics: r 2 = 0.895, P < 0.001) in the pooled data set and in the multiseeded species (the model fi t statistics: r 2 = 0.896, P < 0.001). The TPM, ISM, and SNF all had a marked effect on within-fruit biomass allocation (i.e., PFR), but the effects of life form type and almost all of the interactions among the individual factors were not signifi cant ( Table 4 ). Of the factors that were thought to affect within-fruit biomass allocation, the explanatory power of ISM was much greater than those of TPM and SNF in both the pooled data set and the multiseeded species ( Table 4 ). In the (slope = 1.030, 95% CI = [0.921, 1.151]; r 2 = 0.835, P < 0.001, Fig. 3B ). In both scaling relationships, the y -intercept was signifi cantly higher in the species with multiseeded fruits than those with single-seeded fruits, indicating that at a given fruit or seed size, the multiseeded group invested relatively more in pericarp than did the single-seeded group.
In addition, the fruit developing time was signifi cantly different between the deciduous and evergreen species ( Fig. 4A ; t tests, t = − 5.654, P < 0.001), so were for the frequency distribution of the fruiting timing (Wald -Wolfowitz, z = 2.20, P < 0.05; Fig. 4B ). The fruit developing period was about 6 mo in the evergreen species compared to 3.8 mo in the deciduous species ( Fig. 4A ) . The frequency was not evenly distributed for the deciduous species, but it did not differ from an even distribution in the evergreen species ( χ 2 test, χ 2 = 22.8, P < 0.001). The fruiting time of deciduous species was much more concentrated compared to the evergreens ( Fig. 4B ) . Nearly 40% deciduous species ripened their fruit in August, while the percentages of fruiting species generally ranged between 10 and 20% for the other months.
DISCUSSION
We have shown that within-fruit biomass allocation is signifi cantly correlated with seed size, fruit size, and seed number per fruit, but not by their interactions across the study species. We have also shown that the scaling relationships between pericarp mass and seed mass differed between the fruit and seed levels and between the evergreen and deciduous species groups. The within-fruit biomass allocation between pericarp and seed for the pooled data set is isometric at the fruit level but is allometric at the seed level, in which large seeds generally tend to be associated with relatively smaller seed package than do small seeds. However, the slope of the scaling relationships differed between the deciduous and the evergreens at both levels. In addition, the across-species relationships were consistent with the correlations across correlated evolutionary divergences ( Table  3 ). This consistency suggests that the relationships are not simply a consequence of common ancestry, but that ecological selective forces have operated to alter reproductive allocation patterns in this study.
The relationship between TPM and TSM -The relative benefi ts of differential allocation to either pericarp or seeds respectively). PFR was positively correlated with IFM in the deciduous ( r 2 = 0.177, P < 0.05), but not in the evergreens. Fruit size was also positively correlated with seed size ( r 2 = 0.402, P < 0.001; Fig. 2A ) across the study species. The PCA results on these trait pairs across correlated evolutionary divergences were in accordance with the above correlations ( Table 3 ) .
SNF affect on within-fruit biomass allocation -There were 39 species that had multiseeded fruits, accounting for 62.90% of the study species. PFR was positively correlated with SNF ( r 2 = 0.313, P < 0.001, Fig. 2B ). Seed size was negatively correlated with SNF ( r 2 = 0.515, P < 0.001, Fig. 2C ). These acrossspecies correlations were consistent with those across correlated evolutionary divergence ( Table 3 ) .
We also divided the 62 species into two groups, i.e., singleseeded and multiseeded fruits, to further test effects of SNF on the reproductive allocation pattern. Both species groups of single-and multiseeded shared common slopes for the scaling relationships between seed package and individual seed mass (slope = 0.991, 95% CI= [0.895, 1.093]); r 2 = 0.894, P < 0.001, Fig. 3A ) , and between total pericarp mass and total seed mass Table 3 . Summary of phylogenetically independent comparative analysis for the relationships between functional traits of the deciduous (D) and evergreens (E) studied, or for the pooled data (Pooled) of the two groups. Letters a and b are the regressive slope (but not the scaling slope) and the y -intercept of the equation of y = a x + b , respectively ( y and x are dependent and independent variables, respectively). SP = seed package; ISM = individual seed mass; TPM = total pericarp mass of a fruit; TSM = total seed mass in a fruit; IFM = individual fruit mass; PFR = ratio of pericarp mass to fruit; SNF = seed number per fruit. Table 4 . Summary of the general linear models (GLM) for the effect of seed number per fruit (SNF), ISM (individual seed mass), TPM (total pericarp mass), and their interactive effects on the ratio of TPM to IFM (PFR). Type III method was adopted for the decomposition of sums of squares. The results are shown for the pooled data, single-seeded species and multiseeded species, respectively. %SS = percentage of sum of squares explained. mortality is distance-or density-dependent ( Janzen, 1970 ; Ganeshaiah and Shaanker, 1991 ) . Alternatively, a large proportion of seed mass might be favored when the principal cause of mortality is limitation in some critical resources ( Baker, 1972 ; Milberg et al., 1998 ; Parciak, 2002a , b ) . In this study, seed package mass was almost half of the total fruit mass on average, although PFR varied greatly among species. This result is comparable to several studies on the accessory cost of seeds in temperate species ( Herrera, 1987 ; Lee et al., 1991 ) . However, mean pulp mass was usually twice that of seed mass in 20 vertebrate-dispersed plant species from four families of the tropical rain forest in north Queensland, Australia ( Edwards, 2005 ; Edwards et al., 2006 ) . As expected, large fruits allocated disproportionally more biomass to pericarp than did small ones in the deciduous species, consistent with many studies on animal-dispersed, fl eshy theoretically depend on the interplay between seedling establishment abilities and the environmental context into which seeds are released ( Howe and Schupp, 1985 ; Hammond and Brown, 1995 ; Schupp, 1995 ; Parciak, 2002a , b ) . Increased proportional investment in pericarp may be favored when offspring Fig. 2 . Cross-species relationships of (A) individual seed mass and individual fruit mass ( r 2 = 0.402, P < 0.001), (B) PFR (the ratio of pericarp mass to fruit mass) and seed number per fruit ( r 2 = 0.313, P < 0.001), and (C) individual seed mass and seed number per fruit ( r 2 = 0.515, P < 0.001) for 62 woody species of subtropical evergreen forest from the Mt. Jinyun, southwest China. Fig. 3 . Cross-species relationships of (A) seed package and individual seed mass for both single-seeded (open square, shaded line, 23 species; r 2 = 0.894, P < 0.001) and multiseeded (solid line, solid square, 39 species; r 2 = 0.835, P < 0.001) fruits and (B) total pericarp mass and total seed mass for both single seeded (shaded line, open square, 23 species, r 2 = 0.895, P < 0.001) and multiseeded (solid square, solid line, 39 species, r 2 = 0.712, P < 0.001) fruits for 62 woody species of subtropical evergreen forest from the Mt. Jinyun, southwest China. In both (A) and (B), the y -intercept is signifi cantly higher in the species with multiseeded fruits and those with single-seeded fruits. increased more slowly than seed mass, and thus the ratio of pulp mass to seed mass decreased in 111 fl eshy vertebratedispersed fruited species in temperate broad-leaved forest. In contrast to the prediction, within-fruit reproductive allocation was independent of fruit size in the evergreens and in the pooled data set. Similar fi ndings have been shown intraspecifi cally ( Willson et al., 1990 ; Lee et al., 1991 ; Antos and Allen, 1994 ) and interspecifi cally ( Edwards et al., 2006 ) .
PFR
The inconsistency among previous studies and the present study may be attributed to the difference in fruit type (e.g., fl eshy vs. dry fruits) and life forms. Previous studies usually examined the allometry for the species with animal-dispersed fl eshy fruits ( Herrera, 1987 ; Lee et al., 1991 ; Edwards, 2005 ; Edwards et al., 2006 ; Mart í nez et al., 2007 ) . The present study was conducted at a community level involving interspecifi c analyses. There were 37 and 21 species with fl eshy and dry fruits, respectively, besides four species with aggregate fruits and compound fruits. The numbers of species with indehiscent and dehiscent fruits were 43 and 19, respectively. In general, our study species included different functional groups of plants (evergreens and deciduous), different fruit types and associated dispersal syndromes, as well as a large magnitude of variation in seed size and fruits. Many functional traits might have been responsible for the difference. In particular, we have shown that pericarp mass increased faster than seed mass in the pooled data set, while the slope of seed mass vs. pericarp mass differed between the deciduous and evergreen species (allometric vs. isometric). The difference in slopes between the evergreens and the deciduous species suggests the importance of life form in explaining the inconsistency.
The signifi cant difference between functional groups in the slope between TPM and TSM may be attributed to the following mechanisms. First, the period of fruit development is longer in evergreen than in deciduous species. During fruit development, seeds are vulnerable to animal damage, and hence plants may evolve to minimize herbivore consumption. Decreasing fruit attractiveness (e.g., the proportion of pericarp within fruits) may protect fruits and seeds. Such an approach is especially important for large fruits because they contain more pericarp and are more likely to be located by animals. Fruit development took ~6 mo in the evergreen species, but only 3.8 mo in the deciduous ( Fig. 4A ) . Second, the timing of fruiting is different between deciduous and evergreens. As noted, the timing of fruiting was much more concentrated in the deciduous than the evergreens ( Fig. 4B ) . Assuming that animals competitively consume high-value targets, the fruits with a high ratio of PFR should be more likely to be dispersed, although animals may be more abundant during summer and autumn than in other seasons. Mean monthly PFR was positively correlated with the number of the fruiting species ( P < 0.05, Wald -Wolfowitz runs test for the deciduous species), indicating a possible competition mechanism for increasing pericarp mass.
The relationship between seed package and seed size -The shallow slope of the relationship of seed package vs. seed size (compared to that of TPM vs. TSM) may be attributed to the effect of SNF on PFR and seed size. As expected, SNF increased with increasing PFR. For example, the single-seeded species, Symplocos borryantha , was very close to the fi veseeded species Pyracantha fortuneana in fruit size (both about 0.03 mg in dry mass), but the mass ratio of pericarp to fruit was much lower in the former than that of the latter (0.225 and 0.674, respectively), consistent with the result of Sakai and fruits. Based on the simple assumption that the reward associated with a given seed mass is commensurate with work required to move it, Edwards et al. (2006) predicted that reward pericarp mass should scale relative to seed mass with an exponent of 4/3, which falls in the confi dence intervals for the deciduous species in the present study. This model prediction was supported by Edwards et al. (2006) and Mart í nez et al. (2007) . There are several other examples revealing a similar allometric relationship ( Herrera, 1987 ; Mehlman, 1993 ; Celis-Diez et al., 2004 ; Mart í nez et al., 2007 ) . For example, in a bird-dispersed tree, Crataegus monogyna , pulp mass increased disproportionally faster than seed mass with increasing fruit size, and as a result, larger fruits had a higher proportion of pulp relative to seed than did smaller ones ( Mart í nez et al., 2007 ) . In the 20 species of tropical rainforest, Edwards (2005) and Edwards et al. (2006) found that there was a positive allometric relationship between pulp mass and seed mass when family membership or plant individuals within species was considered. Nevertheless, Herrera (1987) found that with increasing fruit size, pulp mass Fig. 4 . Variation in (A) fruit developing time (84 deciduous species and 101 evergreen species), (B) and in frequency distribution of fruiting timing (27 deciduous species and 35 evergreen species) between the deciduous (white columns) and evergreen species (black columns) groups of a subtropical evergreen forest, southwest China. [Vol. 97 be favored in nature over large ones. Third, the allometry implies that some corrections should be done with the spatial and temporal pattern of variation in seed size if seed size was estimated as diaspore size. For example, seed size has been demonstrated to decrease with increasing latitude and altitude, but the relationships were not very substantial, and the explanatory powers were not high ( Moles et al., 2005 ( Moles et al., , 2007 . This situation could be improved if the overall allometry of seed package with seed size and the difference in the scaling slope between the two functional groups were taken into account.
In summary, within-fruit biomass allocation is signifi cantly affected by seed size, fruit size, and seed number per fruit in both deciduous and evergreen species. However, the scaling relationships of within-fruit biomass allocation differ at the seed and fruit levels and between life form types. The pattern revealed by this study has an important implication to the understanding of seed size evolution and global pattern of seed size variation.
LITERATURE CITED Sakai (1995) who found that mean seed mass per fruit was negatively correlated with SNF in Lilium auratum . Moreover, SNF increased with decreasing seed size across species. Similar results were obtained in Baptisia lanceolata , in which mean seed mass and number of seeds per pod are negatively correlated ( Mehlman, 1993 ) and in Lonchocarpus pentaphyllus , in which the dry mass of a seed decreases with an increase in SNF ( Augspurger and Hogan, 1983 ) . Thus, small seeds should be associated with a relatively high proportion of pericarp, thereby decreasing the slope of the relationship of seed package vs. seed size. In addition, the effect of SNF on the scaling slopes and within-fruit biomass allocation can be inferred from the difference in the scaling relationship between the pooled data and the separated data sets (single-and multiseeded species groups). ISM scales allometrically with SP in the pooled data set and in the evergreen species ( Fig. 1A ) , but the scaling slope of the relationship does not differ from 1.0 in both single-and multiseeded species groups. This discrepancy may be due to that the y -intercept of multiseeded fruits is higher than that of singleseeded ones ( Fig. 3A ) .
The positive correlation between SNF and PFR suggests that high SNF is costly if pericarp is regarded as an indirect cost, consistent with the assumption that the reduction in SNF is a common evolutionary trend ( Casper et al., 1992 ) . Previous studies have demonstrated that sibling competition tends to be more intense and that wind-dispersal is likely for multiseeded fruits, compared to their single-seeded counterparts ( Casper, 1990 ) . However, having a multiseeded fruit permits seed and fruit to function differentially. For example, large fruits may be advantageous for seed dispersal and is naturally favored since they are more attractive to frugivores, as previously claimed (e.g., Rey et al., 1997 ; Parciak, 2002b ) . Small seeds are often sensitive to light condition and more adapted to disturbed habitats, and they tend to have a larger relative growth rate and to germinate earlier than large ones ( Venable, 1996 ; Jakobsson and Eriksson, 2000 ) . The species requiring both large fruits and small seeds should have multiseeded fruits. SNF can be an important approach for plants to mediate the adatpive and developmental relationship between seed size and fruit size.
To our knowledge, there are few studies examining the allometry of seed package with seed size across a broad taxonomic range. Seed package allometrically scaled with seed size in the evergreens and in the pooled data set, in contrast to our prediction, and in contrast to the isometry in the deciduous species. It is hard to explain the difference in the scaling slope between the two life forms with the data available in the current study, and future avenues of research (e.g., corresponding plant anatomy) are suggested. However, the observed slopes may have an important implication for understanding seed size evolution. First, these results indicate that the increase in seed package is generally slower than the increase in seed size, consistent with the allometric relationship between seed size and number reported in previous studies ( Shipley and Dion, 1992 ; Jakobsson and Eriksson, 2000 ) . Second, because seed package is usually not directly responsible for reproductive success, the indirect cost would be a greater negative selective pressure for small seeds than for large ones, as suggested by the allometry of seed size and package. Nevertheless, small seeds usually have a higher possibility of escaping from seed predators and of being dispersed long distances compared to large seeds ( Baker, 1972 ; Murray et al., 1993 ) . Seed size frequency distribution is often right-skewed and many large plants have disproportionally small seeds ( Aarssen, 2005 ) , suggesting that small seeds may
